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. Near-field tsunami threats costal line communities
= Cascadia Subduction Zone (CSZ) will have “a big one” with high probability

= Evacuating to a safe place is one of effective actions

Cascadia earthquake sources

TSUNAMI

EVACUATION
ROUTE
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= Physical evacuation drill to measure Evacuation Time Estimate (ETE)
=  Mathematical analysis and simulation to measure ETE

=  Least-Cost Distance (LCD) model and Agent-Based Model

= Uncertainties should be considered during evacuation
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Objectives:

This study aims to measure ETE and the impact of uncertainty during tsunami evacuation on ETE through two

different approaches: (1) the deterministic Least-Cost Distance (LCD) model; and (2) the dynamic Agent-Based
Model (ABM).

In addition, this research intends to investigate the comparison of LCD to ABM and their applicability
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Least-Cost Distance (LCD) Model

= ETE = Distance / (walking speed * deduction factors)

= Qutput is a layer of least cost surface
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1 Create a portfolio for the study area

2 Preprocess input data

Digital elevation model
Land use/land cover
Hazard zone

Safe zone

3 Create evacuation
surfaces and maps

Calculate path distance

Create evacuation surface
Determine maximum time value
Create time map

5 Incorporate population data

6 Develop charts and graphs

Workflow of LCD
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Cost surface for each grid
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Agent-Based Model (ABM)
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= An evacuee is taken as an intelligent agent
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= Uncertainties: population distribution, walking speed, and milling time
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Monte Carlo Simulation

ABM-MC simulation psuedo code
For scenario 2 (Daytime and Nighttime)
Initialize: Mean and variance of walking speed, Mean and variance of milling
time (7, o), Critical depth
Upload: Road nctwork, Shelter location, Population distribution

Loop for sensitivity analysis of uncertainties:
For variable’s range
For j = 1:10
Upload tsunami inundation and run ABM simulation;
While simulation is NOT terminated
Evacuces are heading to the road network with shortest path;
A* algorithm is conducted to find out an appropriate shelter and
cvacuation route;
If a evacuce is caught by tsunami wave and stay in the critical depth
for 2 minutes, counted as mortality; if not, counted as survive;
Save the outcomes: ETE, Mortality rate.
End
Calculate and save the Mean of the outcomes

End
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Results of LCD model:

= The ETE information and vulnerable
area can be extracted from the map
directly and clearly.

Bureau of Land Manageme
Oregon, State of Oregon DOL, Stat
Esri Canada, Esri, HERE, Garmin)

= The statistical analysis can show us
how many evacuees may die in tsunami
evacuation.
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Results of ABM model: impact of walking speed on ETE — daytime

Population counts
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Results of ABM model: impact of walking speed on ETE — nighttime

Population counts
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Results of ABM model: impact of milling time on ETE -
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Results of ABM model: impact of milling time on ETE -
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Available pathway
Walking speed

ETE calculation

Mortality rate

Uncertainty analysis

Computing speed

Applicability

Any area to walk through

Pre-determine x deduction factors
Minimum cost of two cells

Setting a threshold (static)
Unable

Fast (but also depends on scope of study
area)

*  Map visualization
»  Large scale analysis
«  General evacuation plan

Restrict to all kinds of road

Normal or other distributions

Shortest path considering population
density and road segment capacity

Caught by wave (dynamic)
Able

slow

e  Uncertainty’s impact
Community level analysis
«  Specific evacuation plan
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= This study measured ETE for near-field tsunami evacuation using LCD model and ABM.

= Inthe LCD model, the GIS-based Pedestrian Evacuation Analyst Tool was used to visualize the spatial
distribution of ETE and population exposure.

= The uncertainty during tsunami evacuation, such as population distribution, walking speed, and milling
time, were investigated in ABM.

= Comparison and applicability of LCD model and ABM were made.
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